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NLC - The Next Linear Collider Project

Damping rings lattice studies
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¢ ZDR (1996)
¢ 4-quad TME cells
0 19 celsperarc
¢ 30 mwigger
¢ Changes (1998)
0 k=0
¢ Increased circumference
¢ 50 mwigger
¢ Increased momentum compaction
¢ Increased physical apertures
¢ Changes(1999)
¢ 3-quad TME cells
¢ 15celsperarc
¢ Changes (2000)
¢ Increased quad spacing in wiggler
straight

¢ Re-introduce gradient
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NL C Damping Rings Complex ===
PTG TGS =OmP

% Booster
. + _ X 10 4 ' ' ' (\lir}ac
¢ Reduce emittance of low-energy e* e e
H . : . -1.524f
¢ Stable platform for injection intolinacs .|
. . . . -1.528¢
¢ Similar to 3rd generation light sources 153}
-1.532¢
Pre-damping ring Main damping rings -1.534}
-1.536+
Energy (GeV) 19-21 19-21 1538l
Circumference (m) 214 297 154l
Bunch spacing (ns) 2.8 2.8 100 150 @bpre_linaczgo 300
Fill pattern 2 trains 95 bunches 3 trains 95 bunches
2 gaps 100 ns 3 gaps 68 ns <104 - Pre-linac
Damping time (ms) <521 <521 T T T
N,../ounch 1.9x10% 1.6x10% 1538
Current (mA) 800 750 1536
Injected norm. emittance ye X/Y (m-rad) < 9x107 (edge) < 150x10° (rms) 1534+
Extracted norm. emittance ye X/Y (m-rad) < 1x10* < 3x10°/ 0.03x10°® 1532
RF voltage (MV) 2 15 153} |
Momentum compaction 0.0051 0.00066 1.528} preing
Energy spread (%) 0.09 0.09 1526}
Bunch length (mm) 8.4 38 1.5241
Wiggler field (T) 2 2 1522¢
Vacuum pressure (Torr) 1x10° 1x10° 152 | Booster
Maximum rep. Rate (Hz) 120 120 1.518% finac

150 200 250, 300 350
meters ?
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NLC - The Next Linear Collider Project >

ZDR lattice

12 T T T T T I T 120
0 4-quad TME cdlls - 1
B o .= Nx AN 780 g
0 19 cells per arc =° e A T £
¢ 30 mwiggler 5 .

0 k=1.9 0

o M ——  [Mnos. oo

— Good dyn. aper. L. i s A
2-96 S (m) 8047A407 286 S (m) 8047A266
Bare lattice
errors
& al elements
: except bends: X,y =100 pm
: bends: X,y = 200 pm
=T /allelements; z=1mm,0=1mr
all magnets: AB/B =103
energy: op/p < 1%
. X ot Apic. (o) o
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NLC - The Next Linear Collider Project >

Changes after ZDR

¢ Circumference increased TLEEFLTW — NN
oooooooooooooo 2/3v i 22{\2/9f3 7‘062 6 s Apgg : (N\X’\ib(érggr?BPZ/ls 22/12/98 70621 e
¢ 3-quad TME célls i T - L
¢ Longer (50 m) wiggler
¢ Increased momentum compaction .| A 1
¢ Increased physical apertures ’ j
<> Increa$d quad SpaCi ng In WI ggl er Oboo.:[ﬁec;wo‘zyoze 4052 | 36078 48104 'S (6[60)13060 O'Oooﬁ w:bv 20, 30 40 50 60 76.5 (ma)oioz
Stral ght TTTTTTTTT = WSS Table nome = TWISS
O Decreased cellg/arc Dynamic apertureistoo small = 1c Xy
Point A Point B Point C Natural chromaticity istoo large

tune H 25.160 24.160 25.160 H V

V 10.150 12.150 12.150 Tune ~25 ~ 10
o 5.102e4 5.185e-4 4.486e-4 Natural Chrom. ~ 40 ~ 60
€ 6.559e-10 8.649%-10 8.100e-10 e
dyn) H 04 0.65 19 [mm] TME Cell Madification
aper. )V 14 2.8 4.0 [mm]
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NLC - The Next Linear Collider Project

Re-Instate gradient in bends
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BERKELEY LAB

A
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Beta Functions

Horizontal Dispersion [ecm]

TMEring - nolong

K=00 ] K=0.0
s
T T T T K=_05§ T T T T K-.05
15 EJO*
sE 3
Ofr T T 7 r s ) T T v T
o 1 z El 4 5 o 1 2 3 4 &
3 I I I I K= 1.|IZI I K=-1.0
so b —; is -
15 F 3 10
lo F —:
1 sp
N E
Ofr T T T T = ok T T T T T
o 1 z 2 4 5 Q 1 z 2 4 13
KB [MomComp. |[E SpreadBeaH [Be@V |Chro# [ChromVSD SF Emitance Ty Tz RadLos
04 110E- 702E- 359 2594 -2&] -254 -479 126§ 256E- 102E-( 102E- 512E- 116804
- 110E- 709E- 343 2377 -2711 -2214 -479 1259 234E- 984E-( 102E- 522E- 116804
- 111E- 716E- 324 216§ -2%4 -2@&3 -48 1251 214E- 950E- 102E- 532E- 116E0]
-3 111E- 723E- 304 1957 -24 -18] -487 1244 195E- 918E- 102E- 543E- 116E0]
- 111E- 730E- 290 1754 -221 -1 -493] 1241 1.78E- 889E- 102E- 553E- 116E0]
- 110E- 737E- 274 1554 -219 -14€4 -50§ 1247 163E- 8H1E- 102E- 565E- 116E0]
- 110E- 745E- 253 1364 -1%4 -12] -534 1244 149E- 835E- 102E- 576E- 116E0]
- 109E- 752E- 231 1174 -1871 -1G® -577 1264 138E- 812E- 102E- 588E- 116E0]
-5 108E- 760E- 204 987 -16 -] -654 1294 128E- 791E- 102E- 600E- 116E0]
- 107E- 767E- 183 80§ -14 -0 -4 1361 122E- 772E- 102E- 611E- 116E0]
-1J 103E- 7.72E- 153 624 -124 -4 -11] 1504 124E- 759E- 102E- 619E- 116E0]
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NLC - The Next Linear Collider Project >

8 VS k f(reeeer ‘ﬁ

Bending Gradient and Emittance

2.8E-09 I
2.6E-09

2.4E-09 /.
2.2E-09 /

2.0E-09

1.8E-09 /

1.6E-09 //

1.4E-09
1.0E-09

-1.0 -0.8 -0.6 -0.4 -0.2 0.0
Bending Gradient

Emittaneé
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NLC - The Next Linear Collider Project

1 fit to straightswith k =-0.5

¢ “original” lattice

Beta Functions

.L

a0
z0 ‘ ‘
L by

10 |
[
i
ik v
O IR R AR e
u} z0

1 .1.1 ........ H m I

Beta Functions

Track thislattice
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NLC - The Next Linear Collider Project
Aperture scans cercer p

Horizontal Vertical

Darker is better
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Aperture scans

NLC - The Next Linear Collider Project
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- The Next Linear Collider Project

NLC
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Dynamic aperture - 1% fi

BERKELEY LAB

¢ Dynamic aperture:

= 1.875mm
55 mm

¢ horizontal
O vertica

| njected beam emittance ~ 4.0e-8

¢

2423 Nuy=11.69

Nux =

¢ Beam Size

q
EE ]
q
w0 m 4
- ogo
M~ oodoo
== oogoo
non ooofooo
DooooQooooo
S ooooofoooog
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OO OoOOoOODoOfooooooooooong
ooooooooooooofOoOO0OOOO00OO000
OO oOOOODOOODOROO00o000nooog
ooooooooooooOfOoOO0OOOO00OO000
OO OoOOoOODoOfooooooooooong
0 oOoOOOOoODOOoOoOgO000OO00000000 O
OO oOOOOOOOODOQOo00o000Dooog
oDooooOoooOooodooooooooooong
ooooooooooooofgooooooooooooo
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0 oooooooooooofo00o00000aon o
oo oo oo oo oo oo o o
o ooooofaonono o
oo q oo
q
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=2.3e-4 m=0.23 mm

2.0e-41.36
2.0e-417.3

0 X=
oY

8.3e-4 m=0.83 mm

¢ Dynamic Aperture/ Beam Size

0 H: 1.875/0.23= 8.2
0 V: 55/083= 66

25

2.5
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2”0' f|t to straightswith k = -0.5 /\l
J

¢ Improve matching to straights

0 l.L+' il ,.m' il &

i

J,J,‘,mr,!,i |“+J,1

000000000000000000

Track thislattice

Loy 1 | 1 1 1 1 1 =
D.D\ 1.0 5\.0 3.0 4.0 E.0 &.0 7.0 8.0 2.0 1l0.0
S1ARC S2ARC
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NLC - The Next Linear Collider Project

Dynamic aperture - 2" fit

~
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Betatron tune

Momentum compaction

Chromaticity

Damping partition

Radiation loss

< o

b i</

Natural energy spread

Natural emittance
Radiation damping

I BEERKELEY LAB

H
\Y
E

20
Hux = 23.20
Nuy = 12.73
23.24130 BetaX = 1.16 m
12.82657 MMM e o oo Beta¥ =7.20 m
oo oo@poo
4.71933e-004 nnugggggggggn
-30.97266 ol
Ooo0oooooooo O 000000000
-23.50721 O A o
1.09212 0 I o o e
1.00000 A A A A A A
O oo0oooo0oo0ooo O 0000000000
1.90788 A
683.03 keV ol
Oooooooo Oo-oo0o0oo
8.88780e-004 ool LT
(m] oo
7.84718e-010 3.29 mm
5.264438 msec
5.749380 msec
3.013486 msec 2N
35 0 5
¢ Dynamic Aperture/ Beam Size
0 H: 3.25/0.22= 15
O V: 11/0537= 20
John Corlet May 2000 Side 13



NLC - The Next Linear Collider Project

Dynamic aperture studies

~
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¢ Dynamic aperture improved from=1cto>15¢c

—lIntroduced gradient magnet

Case A

—Early attempts at matching =
—Moved SXT's

BetaX

Beta¥

—Need to improve matching into straights

= Need to include errors
—Need to include real wiggler field

I EERKELEY LAB

John Corlet

May 2000
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NLC - The Next Linear Collider Project

Electromagnet Wiggler

~
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PARAMETER VALUE UNITS
Peak field on axis 205 T
Integrated B? 106| T°m
Wiggler period 270 mm
M agnet gap 200 mm
Number of wiggler sections 10
Length of wiggler section 4511 m
Quadrupole spacing 509 m
Total length of wiggler straight 509 m
Vacuum chamber height 16| mm
Transversefield flatness
End field adjustability 0.006| T-m
Coail current density 1000| Alcm?
Input power per wiggler section 100| kW
Radiated power per wiggler section <55 kW
Aver age power absor bed/photon stop 23| kW
Total power exiting wiggler straight 60| kW

I BEERKELEY

LAB

5e+8
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NLC - The Next Linear Collider Project
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reccoece| |
L attice studies %

¢ Wiggler effects may D e e

. . //\ —
seriously degrade nonlinear ... ]
dynam' CS 0.9998 I— / X =¢2)Ysit9hrg?f E};af 050006 .

0 Experienceat SSRL BL11  : q
. . . E 09997 1= No pole shaping =
—Lifetime reduction (30%) « 1= 2039 mm. B, 20999737
—Lifetime dependence on | [+ [wsimax=0006em ]
transverse poa tl On 0.9995 - - Oscillation amplitude + 0.059 cm o _
—Reduced dynamic aperture ol L1 . . | | .
-60x10 40 20 0 20 40 60
%I ncreawj tune SI“" ft WI th Horizontal displacement /cm

amplitude

¢ Developing 3-D wiggler field in tracking codes i(
¢ Anayze non-linear effects

—Set [Imits on fiaeld flathess Poletip shaping
I BERKELEY LAB

John Corlet May 2000 Side 16



NLC - The Next Linear Collider Project >
A
Y 2 2 recoeocoeoc| |l
| nstabilitiesin rings %

¢ Single-bunch effects
¢ Increase in beamsize (transverse and longitudinal)

— Instabilities
> |mpedance driven, two-beam driven

— IBS
¢ Beamloss
¢ “Bursting” phenomena particularly difficult

— SLC - “sawtooth”, NSLS - coherent radiation bursts
> Severe consequences downstream of damping rings

¢ Requires very careful vacuum chamber design
> Reduce short-range wakefields
= Understand wakefield / impedance model
= Understand instability models

I EERKELEY LAB _
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NLC - The Next Linear Collider Project
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| nstabilitiesin rings %

¢ Coupled-bunch motion
¢ Bunch-to-bunch energy spread
— Energy spread in extracted bunch trains
¢ Beamloss

> Damp resonances

= Cavities, BPM'’s, septa,
kicker magnets, ...

> Feedback systems
= Control residual motion

I EERKELEY LAB _
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;\ |mpedancerelated effects

¢ Broadband ¢ Narrowband
0 Microwave instability ¢ Coupled-bunch instabilities
_ 2l (§) oy Adansverse = - | '2:;0 By.y ZLR"S

o
N leff

_. It . fo Slong.
: A®iongitudinal =] — L 0t 2> Z
0 Transverse mode coupling AN B TP g e
_ e am g —Related to narrow-band
imz,)p. /R 3 resonant impedance

> Long-range wakefield
= RF cavities
= Resistive wall

—Related to “ effective’
Impedance experienced by
a single bunch
> Short-range wakefield ¢ Heating

= All vacuum 0 Power deposited in aresistive
chamber impedance may cause heating
components and damage

I EERKELEY LAB _
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NLC - The Next Linear Collider Project

Bunch modes

~
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BERKELEY LAB

¢ Longitudinal ¢ Transverse
p:+<><> p=+°°
ldofng': 3 %e-(mpcr)zzlong- g?ns': D e—((OpGT)ZZtranS-
p:-oo mrf p:'°°
®p =(pM + n + mQg) wg ®p =(PM +n + Qx y + MQg) g
Position pick-up
(g:O)
"‘xu)
—Q—.\ > t m=0
X ()
Y
- _l'- t m=21
X(t)
x t m=22
~\JSos
0 41 32 23 14 o0l0o 43y 32 23 14 0/0 41 -
1 L
0 "O(rm;lulionlr'equenc;) t':'0 ' : ‘°'o ‘ l ‘ | | |
o+ + t i + — f
e323 123k oam fo 2fo 3fo 4fo Sfo
I ] I ' I I Hfs= synchrotron
4 frequency.
7.‘0 - M= mz-2-10 12
lover wpoer o E Q=23 f
0 sidebands =& s
(n=3) (n=2) f
I BERKELEY LAaB _
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NLC - The Next Linear Collider Project >

HOM Damped Cavity

¢ Baseline design developed and improved on PEP-11 design
¢ Three damping waveguides
¢ Modified cavity cross-section
¢ Improved waveguide coupling apertures
¢ Improved fabrication techniques

Berkeley

Bob Rimmer

MAFIA calculations of
long-range wakefields

I BEERKELEY LAB .
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HOM damping

~

reoccoeoec| |

BERKELEY LAB

Impedance (Q)

¢ Longitudinal

10000 5 ; ! ; ;
Lu H H H H
o Cavity with 30° spherical mid section (714m)
30° nosecone, 3 dumbell wgs @30°, offset pep-type coupler
(714 MHz, 100m wake, 3 cm sigma)
8000 j ;
= —— nlc_714m_opc30_zb
i<
6000 : - g
2 3 =
® El bt
¢ o g
< > e}
s 1) 2 ©
5 = 2 g
4000 2 g S 3 £
@ £ o
Q o~ - (]
< 8}
S S PN
[Te) [N
7 u & s
2000 - ™ R
.8 ]l
i T

2 3 4 5 6x10°
frequency (Hz)

BERKELEY LAB

Longitudinal wakefield (Volts)

Longitudinal wakefield (Volts)

Impedance (Q)

-400 |

-600 [~ —
1 1 | |
0 20 40 60 80 100
Distance (m}
| L L L
4000 : : : :
Cavity with 30° spherical mid section (714m)
30° nosecone, 3 dumbell wgs @30°, 35°, 40°, 45°, no coupler
(714 MHz, 100m wake, 3 cm sigma)
3000
—<— 30°
—7— 35°
—A— 40°
OE6 o 45°
2000
1000 =3
4
o ‘ﬁ——ﬁ—"gg
3.00 3.02 3.04 3.06 3.08 3.10)(109
frequency (Hz)
John Corlet May 2000 Side22
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]

HOM damping

¢ Transvarse P

Z s N
200x10° ! ! ! =
Cavity with spherical mid section (714m) 5
3 dumbell waveguides at 30°, S
dipole modes, offset pep-type coupler g
(714 MHz, 100m wake, 3 cm sigma, x=3cm) z
= £
a 150 =500 — —
~ —— offset pep type coupler | | | | |
R 0 1 2 3 4 5
k2 \ 1 1 1 1 1
é Z 500 R —
x © 3
- S =
8 =3 2
= 100 o ° 2
© L <] =
=
Q o« S #
I :
o — -
7 ‘ \ | | | | |
s 50 | 0 20 40 o0 80 100
I: [ I I I
o Q@ soof- 9 -
N = B
2 WS E
%
O _I . é
0.5 1.0 1.5 2.0 2.5 3.0 3.5x10 z
=
g
frequency (Hz) E o |
| | | | |
0 100 200 300 400

Distance (m)

BERKELEY LAB ]
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; A
HOM Damping

¢ Longitudinal modes ¢ Transverse modes

200x10° : ! !
10000 ! | ‘ ‘ ‘ ‘
| ! i i | | Cavity with spherical mid section (714m)
Cavity with 30° spherical mid section (714m) 3 dumbell waveguides at 30°,
| \ 30° nosecone, 3 dumbell wgs @30°, offset pep-type coupler dipole modes, offset pep-type coupler
“ \ (714 MHz,\lOOm wake, 3 cm sigma) ‘ (714 MHz, 100m wake, 3 cm sigma, x=3cm)
\ ! ! !
8000 . =
| 1S
! \ i 3 3 150
\ | —— nlc_714m_opc30_zb - )
X -~ threshold, damping ring (3 cavities) g —— nlc_714m_opc30_dip_zt B
\ N4 --—- threshold, pre-damping ring (4 cavities) = - threshold, damping ring (3 cavities)
a\6000 i AN : : | x ---- threshold, pre-damping ring (4 cavities)
Y AN ‘ | | 5
g \ NN Aw=i rf . folong. £ 100
3 ‘ \ w=] OCp 8
2 : E fo eff g | f
g \ . 2= S <3 —_i 0 trans
£ \ ' e £ Aw=-]—BxyZ .
= 4000 | > L £ E X,y
A g 2=
9] e
7
C
<
'_
2000 .
- T~ N
w oA e

0 1 2 3 4 5 6x10°
freguency (Hz) N\ frequency (Hz)

— Higher-order modes strongly damped
> Transverse feedback system required
= HOM'’s, resistive wall , and electron/ion instabilities

BERKELEY LAB
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Broadband | mpedance M odel /\I
"

¢ Maor vacuum chamber components
S.AC — RF cavities (3)
Cho Ng — Resistive wall (300 m Al)
> Small vacuum chamber
— BPM’s (159)
> High-frequency resonances
— Ante-chamber slots (102)
— Bellows shields (102)
— Injection and extraction magnets (2)
— Feedback kickers (2)

MAFIA calculations of
short-range wakefields

I BEERKELEY LAB .
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NLC - The Next Linear Collider Project

RF cavity

~
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(Y

¢ scaedto 714 MHz from PEP-11
¢ tapered to beampipes at ends of RF section
> 3 cavities, 2 tapers
¢ ignore crosstalk between cavity and taper
taper wakefield sensitiveto mesh size @ os ., 49
O loss factor: Az 4z

> Cavity 0.970 V/pC
> Tapers 0.067 V/pC

¢ inductance from tapers = 0.41 nH

<

I BEERKELEY LAB

Ampltude (VpC)

Q..

=
in

= 1 1 1 1 1 1 1
a 0.005 am ams Q.02 0.025 Q.03 0.035 0.04

Ampliude (VRG]
]

=)

5k

= (m)

RF caviy ()
e

John Corlet May 2000 Side 26
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L ongitudinal resistive wall oo
’

¢ Longitudinal

¢ Short-range wake is strong for
very small vacuum chambers
and short bunches

-_C C
Wis) 4bo3/2 V 2n0q.c, fise)

f(u) = U2 eW¥4 (194 - Lgja -+ 1174+ 13/4) Lpra

Ampliode WS

¢ Resistive heating

1 1 1 1 1 1 1
= L |2 ]‘(3) HO Tb Jﬂ 0.008 am ams 0.02 0.025 0.02 0.025 o.04
87-c2r 0 4 ZGdC (;) = [m
0'\2
t

e 250 m vacuum chamber 1.6 cm radius
* 50 m wiggler chamber 0.8 cm radius
e lossfactor =1.867 V/pC

I EERKELEY L AB I _
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Ante-chamber dot

~

rrererer

BERKELEY LAB

A
i

04

Ame—chamber skois (102)
T T £

Ampliude VPG

8 cm wide
tapersinside slots at both ends

* lossfactor = 6.65x104 V/pC ) S
 inductance = 2.72x10°3 nH
e 102 dots

I BEERKELEY LAB

1 1
0.02 0.025
= [m

John Corlet

1 1
0.0z 0,035

May 2000

0.
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BPM reeeeef] |

~

A
i

BPKA [158)
T

Ampliude WG

4 2
i o
i7)
=
=
_5 ! ! 1 1 1 1

a 0.005 a.m amb5s 0.02 0.025 o032
= [m)

four 8 mm buttons

loss factor = 0.014V/pC
Inductance = 0.019 nH
159 BPMs

I BERKELEY LAB
John Corlet

0.035 o4

May 2000
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Synchrotron radiation mask ~ rec<2] f
’

~

2 mm depth, 2.5 cmlong
loss factor = 0.0016V/pC
Inductance = 0.0039 nH
102 bellows masks

ka=k 102)

o
W

/-l\ T .;-T-..-\’.h

o o
[ [

o

Ampliude [WpC)

0.z

“a 0.005 am ams 0.0z 0.025 a0z 0.026 o
= [m
BERKELEY LAB ]
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NLC - The Next Linear Collider Project /\
Injection / extraction kicker oot
|

Injeciion kicker 21
T

0.05

Ampliivde [Vpc)

1 1 1 1 1 1 1
o 0.005 am a5 0.0z 025 0.032 0025 a4
= [m)

DELTA-type kicker

4 mm wide dlots

loss factor = 0.096 V/pC
Inductance = 0.103 nH

2 kickers

I B ERKELEY L AB I ,
John Corlet May 2000 Side31
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| Transver se feedback kicker /\l
i\

Tran=zverse ieedback kicker [2]
T

0.z

Amplitude WS

1 |
a 0.005 am 0015 0.0z 0.025 Q.03 0.035 a4
= [m

e two 1.6 cm wide sots
 lossfactor =0.086 V/pC
e |nductance = 0.107 nH

2 transverse feedback kickers

I BEERKELEY LAB .
John Corlet May 2000 Side32
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Breakdown of longitudinal wake “== ﬁ

BERKELEY LAB

Breakdown o longiiudinal wake DR kngiudinal wake
'1' T T T T T T T 1'3 T T T T T T I
Toial wake
— cavily — — bunch shaps
3+ — mesEive wall —
—— BFW
2 mask
sk — — =kt i
+ injeciion kicker
- lramsvers=e kicker
1+
g— ........................... L LT ] ‘:l
g CITIeEs s ] . LEEL [
3 3
-1 a=
E E
= S
et
_3 -
_1_ -
o o005 o0 T o oes 00 o0 004 15 . , . , . , .
' i i = .[m] ' ’ ’ ’ a 0.005 oo 0.5 0.02 0025 0.03 0025 o4
= [m)

I EERKELEY LAB _
John Corlet May 2000 Side 33
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- A
L ongitudinal wake summar /\I
° 4

¢ Components

(V/pC)
¢ RF cavities 2.976
¢ BPMs 2.226
¢ ante-chamber dots 0.068
¢ bellows masks 0.168
¢ injection / extraction kickers 0.192
¢ transverse feedback kickers 0.171
¢ 300 m resistive wall 1.867
¢ TOTAL 7.67

= Z/n = 0.028 Q

BERKELEY LAB

Lossfactor Inductance

(nH)

0.410
2.970
0.277
0.326
0.210
0.214

4.4

John Corlet May 2000 Side 34
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Broadband impedance calculat| on%

¢ Require“delta-function” or “Green’s function” wake for
Inclusion in self-consistent singlebunch phenomena
modeling
— Particle tracking
— Numerical solution of Fokker-Planck eguation

— Modal analysis from Vlasov equation
> |mprovement over broadband impedance models

> Require wake from very short bunch to generate an effective
Green function

= Dense mesh
= Long run time

I BEERKELEY LAB .
John Corlet May 2000 Side35
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_ RFcavity Green'sfunction .. ‘@
wakefield

breakdown into cavity and taper

cavity as diffraction model

taper highly resistive

overal wakefield sensitive to mesh size
due to taper

Ampliude [WpC)
L
[

Cavily +1apar
4 T I
— m=12
L L ——m=158
04 o0 008 o.M oz 2 ---- bunch ||
=(m

]
2
B —1af |
Combined wakefield |

1 1 1 1 1 1 1 1 1
L L L L Q o002 0.004 0.005 0.008 a0 amz 0.014 as 0 0.02
0z 000+ 0008 0008 001 002 Q014 008 OME 002 = [m

I EERKELEY LAB _
John Corlet May 2000 Side 36
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~

~ “Longitudinal Green’sfunction ...
wake

BERKELEY LAB

Amplivde [Vl

—2h

Breakdown

Breakdown oi longiudinal wake; 1 mm bunch

Total

DR kngiudinal wake; 1 mm bunch

5

— Cawiy
— meskEive wall
— BFt
0 mask
— — ki
+  injeciion kicker
- iran=zwerse kickar

Ampli‘.ude [‘u'."pC]

5

0005 0.008 a.m amez o014 ama

= [m

I EERKELEY LAB

— ioial wake
— — bunch =hape

0008 a.m amz .04 0.Mma ame a0z
= [m)

John Corlet May 2000 Side 37
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Transverse broadband impedance

<
f(reereer ‘

* Cylindrically symmetric structures: W, =W,
* Non-cylindrically structures:
- different horizontal and vertical components
- hon-vanishing kick on beam axis
- transverse wakefield determined by subtracting
the dc component
- wakefield component normally larger in the
direction of asymmetry

I BERKELEY LAB
John Corlet

May 2000

Side 38
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~

- A
Transverseresistive wall coreen) i

BERKELEY LAB

¢ Increasing radius helps but usually
not an option

¢ Use high-conductivity materials

where possible

0 p=17.7nQ-m Cu, 33 nQ-m Al, 900
n-m st. st.

¢ Transverse coupled-bunch motion
dominated by resistive wall at low
frequency

—L owest mode determined by tune

0 = 27'Cforbit(]- - AQ)

I EERKELEY LAB

f(u) = U2 ev4 (14 11/4) hya

2 = A (1) CL, (K0P 1
T

=n2/12
Anorizonta= 75-2/ 24

John Corlet May 2000
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Slot transver se wake

~

Ield f(rreeee ‘m

LI

Horizontal

-2 Ski: horzomal iranzverse wake

R

T
——-x=-04mm
— =0

Ampliude [Wp2)

0.0z 0.025 0.0z 0.035 .04

= [m)

4l 0.005 .0 ams

* Kick factor = 0.55 V/pC/m

I EERKELEY LAB

Ampliude [MpSim)

k)

Vertica

T Slod: Werical ranzver=e wake

=

Ln

Q 0.008

0.02 0.025 0.02 0.028 o.04

= [m

a.o o.MmE

e Kick factor = 1.32x103 V/pC/m

John Corlet May 2000

Side40



The Next Lnaglrl_depaktd own Of {ransver se

wakefield

~

reoccoeoec| |

BERKELEY LAB

Horizontal

Breakdown ol horzomal iranswerse wake

Vertica

Hreasdow n ol verical iranzverse wake

500

500

400

— caviiy
—— mesEive wall
—— BPFI
0 mask
— — =k

+ injaciion kicker
- iramssvarse kicker

1t

2]
(2]
T

Ampliiude [WpGm
ha
[
T

aom

oms

— cavily
— me=siEtive wall
—— BPt
0O mazk
— — =k
+ injection kicker

- iramEswersa kickear

Q.02 0.025 0.02

= [m

o a

0.005 am

I EERKELEY LAB

0.5 0.0 0.025 0.03 0.035 a4
= [m
John Corlet May 2000

Side4l
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LI

eld

Total transver se wake

~

rrererer

BERKELEY LAB

A
Il

DR iranzver=a wakeiie id

1200 T T T T T T T
— horzamal
— — warical
---- bunch
1000 -
S00 - -
E
th
L
=
00 - -
3
s
= ™ .
100 \k
-
200 -
o ] i ] |- ]
a 0.008 0.0 ams 0.0z 0.028 0032 0.0328 a4
= [m)
I BEERKELEY LAB
John Corlett

May 2000

Side42
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Transverse wake summar /\l
y

¢ Components H kick factor V kick factor
(V/pC/m) (V/pC/m)
¢ RF cavities 36 36
¢ BPMs 147 147
¢ ante-chamber slots 56 0.13
¢ bellows masks 77 1.2
¢ injection / extraction kickers 25 2.9
¢ transverse feedback kickers 19 0.4
¢ 300 mresistive wall 321 321
¢ TOTAL 681 508

BERKELEY LAB

John Corlet May 2000 Side 43
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| nstability calculations /\l
y

A
i

¢ NOVO wakefidd
calculations

¢ Generated “quas” Green
function from 1 mm wake

. . DNLC i Green file -“DNLC.gre
¢ Beam Stablelongltudlnally T E mlttanceng%gr """""
¢ Nominal charge 2.6 nC B SRS Bt i e
— potential well distortion | domentum spread ... Time> 40.00

> Bunch lengthening 6.3 %

¢ Signsof RF instability seen at /
2-3 timesnominal charge per  [Z22°

bunch

— may be damped by
radiation?

¢ Transverse stability t.b.d.

T.U.D.

Alexandre Novokhatski

£=1.0629

/

0=1.0662 J

60 =3.8 uuE)
= 2.6nC

olt.=1.50 MV
Freq.=714.0MHz
Phase= 32.0grad
Stune= 0.0068
modu= 0.0000
Damp=1000.0
INxN=400x:
E/sigma: 19.00

[TET=0.0010
onto=0.9992

A Novokhatski TEMF' TU Darmstadt

Fri Feb 25 20:54:19 2000

BERKELEY LAB

John Corlet

May 2000
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